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A possibility of explaining the anomalies in the semileptonic B-meson decay B → K∗µµ¯ has been explored
in the framework of the gauged U(1)µ−τ symmetry. Apart from the muon anomalous magnetic moment and
neutrino sector, we formulate the model starting with a valid Lagrangian and consider the constraints from the
neutral meson mixings, the bounds on direct detection and the relic density of the bosonic dark matter candidate
augmented to collider constraints. We search the parameter space, which accommodate the size of the anomaly
of the B → K∗µµ¯ decay, to satisfy all experimental constraints. We found the allowed region on the plane of
the dark matter and Z ′ masses is rather narrow compared to the previous analysis.
I. INTRODUCTION
A flavor dependent gauge symmetry is one of the promis-
ing candidates for new physics to describe the anomalies and
other phenomenologies related with the flavor physics as well
as to ensure the dark matter (DM) stability. In particular,
the model of U(1)µ−τ provides several phenomenological pre-
scriptions to resolve, namely, muon anomalous magnetic mo-
ment [1], 1 experimental anomalies of semileptonic B-meson
decay [2, 3], neutrino sector [4–15], and other related top-
ics [16, 17]. Among them, the B-meson decay anomaly
is a very challenging topic due to some indications of new
physics have been suggested in the B physics. For exam-
ple, the angular observable P′
5
in the decay of the B meson
B → K∗µ+µ− [28] has been measured with deviation of 3.4σ
from the integrated luminosity of 3.0 fb−1 at the LHCb [18]
which confirms the previous result with deviation of 3.7σ [19].
In addition, the same observable were measured by Belle col-
laboration [20, 21] with the deviation of 2.1σ. Furthermore,
an anomaly in the measurement of the ratio of branching frac-
tion RK = BR(B+ → K+µ+µ−)/BR(B+ → K+e+e−) [22, 23]
at the LHCb indicates a deviation of 2.6σ from the lepton
universality predicted in the standard model (SM) [24]. Re-
cently, the LHCb collaboration has also measured the ratio of
RK∗ = BR(B → K∗µ+µ−)/BR(B → K∗e+e−) which is found
to be deviated from the SM prediction by ∼ 2.4σ as RK∗ =
0.660+0.110−0.070±0.024(0.685+0.113−0.069±0.047) for (2m2µ) < q2 < 1.1
GeV2 (1.1 GeV2 < q2 < 6 GeV2) [25].
In previous study of Ref. [2], we have proposed the flavor
dependent gauge symmetry. This has successfully explained
the anomaly of B → K∗ℓ+ℓ− decay through generating the
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1 Recently, a stringent constraint of the neutrino-trident process gives nar-
rower parameter spaces of the extra gauge coupling (g′) and mass (mZ′ ).
flavor violating Z ′ boson interactions at one loop level. In
the model, the only Wilson coefficient C9 with µ and τ in
the B decays are generated via extra Z ′ boson exchange, but
this is explicitly not applicable for B → K∗ee¯ process [28].
We have also included a bosonic DM χ candidate and the
vectorlike exotic quarks Q′a, which are needed to generate
the Wilson coefficient C9 at one loop level. Thus the DM
relic density [29] can be explained the measured anomalies in
decay of B → K∗ℓ+ℓ− via s-channel process mediated by Z ′
boson exchange [30, 31], where Z ′ boson exchange can avoid
a conflict with the constraints from the spin independent DM
direct detection searches such as experiments of LUX [32] and
XENON1t [33].
In this paper, we adopt the flavor dependent gauge sym-
metry model with more complete manner. We then perform
a more detailed analysis in which we take into account the
decay width of the Z ′ boson which is related with the relic
density of the DM, the constraints from the spin independent
DM-nucleon elastic scattering cross section mediated by the
vectorlike quarks Q′a at tree level, the large electron-positron
(LEP) collider, and the large hadron collider (LHC), to im-
prove the previous analyses of Ref. [2]. In our present numeri-
cal analysis, we find that the allowed regions of the DM and Z ′
masses are narrower than that of the previous analysis. This is
expected due to the decay width of Z ′ is rather larger.
This letter is organized as follows. In Sec. II, we briefly in-
troduce a valid Lagrangian of our model including the Higgs
potential with the inert conditions, the B-meson anomaly, the
collider physics, and the neutral meson mixings. A brief com-
ment on how to directly produce the exotic quarks, and the
experimental constraints of the DM are also presented. In
Sec. III, we present our numerical analysis results. Finally
Sec. IV is devoted to the summary of our results and conclu-
sions.
II. MODEL SETUP AND CONSTRAINTS
2In this section, we present a formulation of our model. We
briefly introduce a gauged U(1)µ−τ symmetry with three fam-
ilies of the vectorlike isospin doublet quarks Q′a, an isospin
singlet inert complex boson χ, and singlet boson ϕ with
nonzero vacuum expectation value (VEV) which is denoted
by 〈ϕ〉 ≡ vϕ/
√
2, where H is the SM Higgs and its VEV is de-
noted by 〈H〉 ≡ vH/
√
2. The charge assignments of these new
fermion and boson fields are summarized in Tables I and II,
respectively.
A relevant Lagrangian under these symmetries is defined by
−L = yℓi L¯Li HeRi + fajQ′RaQL j χ+MaQ¯
′
aQ
′
a + h.c., (1)
where a = 1 − 3 and (i, j) = e, µ, τ are generation indices, and
the quark sectorQL j is same as the SM. Note that the charged-
lepton sector is diagonal due to the U(1)µ−τ symmetry.
Higgs potential is given by
V = m2H |H |2 + m2ϕ |ϕ|2 + m2χ |χ |2 +
1
4
λH |H |4 + 1
4
λϕ |ϕ|4
+
1
4
λχ |χ |4 + λHϕ |H |2 |ϕ|2 + λHχ |H |2 |χ |2 + λϕχ |ϕ|2 |χ |2,
(2)
where each field is defined to be
H =
(
h+
1√
2
(vH + h + iz)
)
, ϕ =
1√
2
(vϕ + ϕR + iz′), (3)
where h+, z, and z′ are respectively absorbed by the gauged
bosons; W+, Z , and Z ′. After inserting the tadpole conditions
for H and ϕ, the CP-even mass matrix is obtained as
M2even =
(
v
2
H
λH 2vHvϕλHϕ
2vHvϕλHϕ v
2
ϕλϕ
)
. (4)
After the diagonalization, themass eigenvalues and eigenstates
TABLE I: Field contents of fermions and their charge assignments
under SU(2)L ×U(1)Y ×U(1)µ−τ , where qx , 0 and the lower index
a of Q′ is the number of family which runs over 1 − 3.
Leptons Exotic vector
fermions
Fermions LLe LLµ LLτ eR µR τR Q
′
a
SU(3)C 1 1 1 1 1 1 3
SU(2)L 2 2 2 1 1 1 2
U(1)Y − 12 − 12 − 12 −1 −1 −1 16
U(1)µ−τ 0 1 −1 0 1 −1 qx
TABLE II: Field contents of bosons and their charge assignments
under SU(2)L × U(1)Y × U(1)µ−τ , where qx,y , 0, SU(3)C singlet
for all bosons, and χ is a complex boson which is considered as a
DM candidate. Hence qy , ±qx , qy , ±2qx , and qx , ±3qy are
simultaneously satisfied.
VEV, 0 Inert
Bosons H ϕ χ
SU(2)L 2 1 1
U(1)Y 12 0 1
U(1)µ−τ 0 qy qx
are respectively given by
OM2evenO
T
=
(
cθ −sθ
sθ cθ
) (
v
2
H
λH 2vHvϕλHϕ
2vHvϕλHϕ v
2
ϕλϕ
) (
cθ sθ
−sθ cθ
)
= diag(m2hSM , m
2
H), (5)
m2hSM =
1
2
(
A −
√
(v2ϕλϕ − v2HλH )2 + 16v2ϕv2Hλ2Hϕ
)
,
m2H =
1
2
(
A +
√
(v2ϕλϕ − v2HλH)2 + 16v2ϕv2Hλ2Hϕ
)
,
where A = v2ϕλϕ + v
2
H
λH , sin θ(cos θ) ≡ cθ(sθ ), and tan θ ≡ tθ
satisfies the following relation:
2vHvϕλHϕt
2
θ − (v2ϕλϕ − v2HλH )tθ − 2vHvϕλHϕ = 0. (6)
The mass eigenvalue of χ is given by
m2χ = v
2
ϕλϕχ + v
2
HλHχ + 2m
2
χ. (7)
The inert conditions for χ are given by
λH, λϕ, λχ, λHϕ, λHχ, λϕχ > 0,
m2χ > 0,
λHλϕ > 4λ
2
Hϕ . (8)
Z ′ boson: We have Z ′ boson from U(1)µ−τ gauge symmetry.
After ϕ develops its VEV, the mass of Z ′ boson is generated
as
mZ′ = q
2
yg
′2
v
2
ϕ, (9)
where g′ is a gauge coupling for U(1)µ−τ . The gauge interac-
tions among Z ′ and fermions are given by
L ⊃ g′Z ′µ(L¯LµγµLLµ − L¯Lτ γµLLτ + µ¯RγµµR
− τ¯RγµτR + qy
3∑
a=1
Q¯′aγ
µQ′a).
(10)
Note that we ignore the kineticmixing effects betweenU(1)µ−τ
and U(1)Y by assuming the contributions is relatively very
small.
Explanation of the anomaly in B → K (∗)ℓ+ℓ− decay: In our
case, we have a Wilson coefficient C9, which is associated
3b s
Z ′
µ
µ
Q′
χ
b s
Z ′
µ
µ
χ
Q′
FIG. 1: The diagrams introduces an effective coupling for Z ′µ b¯γµs +
h.c. interaction.
with (s¯γµPLb)(µγµµ), via Fig. 1. Then their contribution to a
Wilson coefficient ∆C
µµ
9
is given by [2, 28]
∆C
µµ
9
≃ qxg
′2
(4π)2m2
Z′CSM
3∑
a=1
f
†
3a
fa2
∫
[dx] ln
(
∆[Ma,mχ]
∆[mχ, Ma]
)
,
CSM ≡
VtbV
∗
tsGFαem√
2π
, (11)
∆[m1,m2] = (x + y − 1)(xm2b + ym2s) + xm21 + (y + z)m22,
where [dx] ≡
∫ 1
0
dxdydzδ(1 − x − y − z), Vtb, Vts are the 3-3
and 3-2 elements of the Cabibbo-Kobayashi-Maskawa (CKM)
matrix, respectively, GF ≈ 1.17 × 10−5 [GeV]−2 is the Fermi
constant, αem ≈ 1/137 is the electromagnetic fine-structure
constant, and mb ≈ 4.18 GeV and ms ≈ 0.095 GeV are the
bottom and strange quarkmasses, respectively, which are given
by the MS renormalization scheme at a scale µ = 2 GeV [34].
We assume mb, ms ≪ mZ′ in Eq. (11). mχ and Ma are respec-
tively χ and Q′a masses. We use the global fit for the value of
C9 [35], which gives the best fit value of ∆C9 ≈ -1.09. The
possible values of the ∆C9 are respectively obtained as
∆C9 = [−1.29,−0.87] for 1σ, [−1.67,−0.39] for 3σ. (12)
Constraint from K-meson decay: Here we discuss a constraint
from K-meson decay. Considering a small effect of the charge
parity (CP) violation emerges from new physics, the strongest
bound is derived by KS → π0µµ¯ decay. It is then induced by
the effective Hamiltonian [26, 27]
Hef f = −GF√
2
VudV
∗
usC
µµ
7V
(s¯γµ(1 − γ5)d)(µ¯γµµ). (13)
Similar to the Wilson coefficient C9 case, the Wilson coeffi-
cient∆C7V arising from the Z
′ exchange can be induced at one
loop level. We then obtain
∆C
µµ
7V
≃ qxg
′2
(4π)2m2
Z′
1√
2GFVudV
∗
us
×
3∑
a=1
f
†
2a
fa1
∫
[dx] ln
(
∆[Ma, mχ]
∆[mχ, Ma]
)
.
(14)
The values of the experimental constraint is given by [26]
|aµµ
S
| = 1.54+0.40−0.32, aµµS ≡
2π
αem
VudV
∗
usC
µµ
7V
, (15)
where a large uncertainty is found. For estimating the Z ′
contribution, we derive
∆a
µµ
S
≃ 0.46
(
g
′
0.1
)2 (
100 GeV
mZ′
)2
×
3∑
a=1
f
†
2a
fa1
∫
[dx] ln
(
∆[Ma,mχ]
∆[mχ, Ma]
)
.
(16)
We find that ∆a
µµ
S
sufficiently lies within the range of the
experimental uncertainty if the Yukawa coupling f is taken
O(0.1) and the constraint from ∆mK tends to be stronger.
LHC constraint: Since we consider no interactions between
the electron-positron pair and Z ′, we evade the stringent con-
straint from the LEP experiment. However, we need a con-
straint from the experiment of LHC, while we consider inter-
actions among u and d quarks via one-loop contributions, as it
can be explicitly seen in the part of b → sℓℓ¯.
The most stringent constraint from the LHC arises from the
process of qq¯ → Z ′ → µ¯µ. From this constraint, the effective
mass bound suggests 30 TeV . Λ, where its effective operator
is given by 1
Λ2
(q¯γµPLq)(µ¯γµPLµ) [36]. We then can easily
estimate the bound on mZ′ in the effective operator analysis.
Similar to the case of b → s µ¯µ, our effective operator is
defined as
L ≃ qxg
′2
(4π)2m2
Z′
3∑
a=1
f
†
1a
fa1
∫
[dx] ln
(
xM2a + (y + z)m2χ
xm2χ + (y + z)M2a
)
× (q¯γµPLq)(µ¯γµPLµ), (17)
where q = (u, d). It implies that we have the following con-
straint from the LHC:
mZ′
g′
& 30
[
qx
(4π)3
3∑
a=1
f
†
1a
fa1
∫
[dx] ln
(
xM2a + (y + z)m2χ
xm2χ + (y + z)M2a
)] 1
2
× TeV. (18)
When we take a degenerate mass for Ma as 1000 GeV and
mχ = 100 GeV, the constraint then gives
mZ′
g′
& 0.45
[
3∑
a=1
f
†
1a
fa1
] 1
2
TeV. (19)
This shows that the constraint can be easily avoided while the
coupling f1a is not too large.
M − M mixing: The neutral meson mixings also give the con-
straints of the parameter space. The neutral meson mixings
are shown in Fig. 2 and their formulas be lower than the ex-
4qi Q
′
a
qj
qj
Q′b qi
χ χ
FIG. 2: The diagram representing the neutral meson mixings.
perimental bounds as follows [34, 37]:
∆mK ≈
3∑
a,b=1
f
†
2a
fa1 f
†
2b
fb1F
K
box[Ma, Mb]
. 3.48 × 10−15 [GeV], (20)
∆mBd ≈
3∑
a,b=1
f
†
3a
fa1 f
†
3b
fb1F
Bd
box
[Ma, Mb]
. 3.36 × 10−13 [GeV], (21)
∆mBs ≈
3∑
a,b=1
f
†
3a
fa2 f
†
3b
fb2F
Bs
box
[Ma, Mb]
. 1.17 × 10−11 [GeV], (22)
∆mD ≈
3∑
a,b=1
f
†
1a
fa2 f
†
1b
fb2F
D
box[Ma, Mb]
. 6.25 × 10−15 [GeV], (23)
FMbox(m1,m2) =
mM f
2
M
3(4π)2
∫ 1
0
x[dx]
xm2χ + ym
2
1
+ zm2
2
, (24)
where mM and fM are the meson mass and the meson decay
constant, respectively. The following parameter values are
used in our analysis: fK ≈ 0.156 GeV, fBd (Bs ) ≈ 0.191(0.274)
GeV [38, 39], 2 fD ≈ 0.212 GeV, mK ≈ 0.498 GeV, mBd (Bs ) ≈
5.280(5.367)GeV, and mD ≈ 1.865 GeV.
Constraints from direct production of Q′s: The exotic quarks
Q′s can be produced in pair via QCD processes at the LHC.
Each Q′ will then decay into Q′ → qi χ, where qi represents
a quark with flavor i. Hence, searching for “{tt, bb, t j, bj, j j}
+ missing ET " signals will constrain our present model. The
branching ratios for a particular quark flavor i depend on the
relative sizes of the Yukawa couplings, f3j and faj with a =
1, 2. We then roughly estimate the lower limit on themass ofQ′
using the current LHC data for the s-quark searches [40, 41],
which indicates the mass should be larger than ∼ 0.5-1 TeV
which depends on the mass difference between Q′ and χ. In
2 We thank Alexander Lenz to bring up a new value of fBs , which includes
a bag parameter dependence.
our following analysis, we simply take the value of Ma > 1
TeV in order to satisfy this constraint.
Dark matter : In our model scenario, a complex scalar χ
is considered as a DM candidate, since we have a remnant
Z2 symmetry after the µ − τ symmetry breaking. The DM
candidate andQ′a are odd under the Z2 symmetry and the other
particles are even. If the Ma is heavier than the mχ, the DM
candidate is a stable particle. The DM dominantly annihilates
into the SM leptons via χχ → Z ′ → µ+µ−(τ+τ−), 3 so that
the DM in our model is naturally leptophilic. The relic density
of the DM is given by
Ωh2 ≈ 1.07 × 10
9√
g∗(x f )MPlJ(x f )[GeV]
, (25)
where g∗(x f ≈ 25) ≈ 100, MPl ≈ 1.22 × 1019, and J(x f )(≡∫ ∞
x f
dx
〈σvrel 〉
x2
) is given by
J(x f ) =
∫ ∞
x f
dx

∫ ∞
4m2χ
ds
√
s − 4m2χ(σvrel)K1
( √
s
mχ
x
)
16m5χx [K2(x)]2
 ,
(σvrel) =
g
′4q2xs(s − m2χ)
3π
[(s − m2
Z′)2 + m2Z′Γ2Z′
] ,
ΓZ′ ≈ g
′2mZ′
4π
+
|g′qx |2
16πm2
Z′
(m2Z′ − 4m2χ)3/2. (26)
With s is a Mandelstam variable, and K1,2 are the modified
Bessel functions of the second kind of order 1 and 2, respec-
tively. We expect Z ′ decays into µµ¯, ττ¯, and χχ∗ pairs. 4
In our numerical analysis, we use the current experimen-
tal range for the relic density at 3σ confidential level [29]:
0.11 . Ωh2 . 0.13.
Direct detection of DM: The dominant elastic scattering cross
section arises from the Q′ exchange process in Fig. 3, and its
effective Lagrangian of the component level is given by
L ≃ −i
3∑
i=1
3∑
a=1
f
†
ia
fai
2M2a
[q¯iγµPLqi][χ∗
←→
∂ µ χ], (27)
where we use the following assumptions of the four trans-
ferred momentum q2 = (p1 − p2)2 << M2a and the nu-
cleus of a target almost stops (at rest frame); χ∗(p1)(p1 −
p2)µ χ(k1) = 12 χ∗(p1) [(p1 − p2) + (k1 − k2)]µ χ(k1) ≈
1
2
χ∗(p1)(p1 + k1)µ χ(k1) = i2 χ∗
←→
∂ µ χ, where the right and
left sides correspond to the operators in momentum space and
spacetime, respectively. We then straightforwardly define the
3 Notice that we do not rely on the Higgs portal, although there are two
resonant solutions at around the half masses of the SM Higgs and another
neutral Higgs [42].
4 Without decay width of Z′, the cross section at around the pole of 2mχ =
mZ′ is too large and the relic density would be underestimated.
5DM-nucleon elastic scattering operator as follows:
LN ≃ −i
d,s∑
i=u
3∑
a=1
f
†
ia
fai
4M2a
[Fqi/N
1
N¯γµN − Fqi/N
A
N¯γµγ5N]
× (χ∗←→∂ µ χ), (28)
where we assume that this process is an elastic scattering,
then the four transferred momentum is expressed by q2 ≈ 0,
where p1 and p2 are the four momentum of the χ
∗ and qiorN ,
respectively, and F
qi/N
1,A
are the form factors, which is taken
from Ref. [43]. The squared matrix element is given by
|M|2 = 1
16
|
3∑
i=1
3∑
a=1
f
†
ia
fai
M2a
(Fqi/N
1
〈N(k2)|N¯γµN |N(p2)〉
− Fqi/N
A
〈N(k2)|N¯γµγ5N |N(p2)〉)|2
× |〈χ(p1)|χ∗
←→
∂ µ χ |χ(k1)〉|2
≃ 2m2Nm2χ
3∑
i=1
3∑
a=1
©­«
 f †ia faiFqi/N1M2a

2
+
 f †ia faiFqi/NAM2a

2ª®¬ ,
(29)
where the first and second terms in Eq. (29) do not have an
interference term.
Finally, the complete form of the DM-nucleon elastic scat-
tering cross section is expressed by
σ ≈
(
mχmN
mN + mχ
)2 |M|2
32πm2χm
2
N
=
1
16π
(
mχmN
mN + mχ
)2
×
3∑
i=1
3∑
a=1
©­«
 f †ia faiFqi/N1M2a

2
+
 f †ia faiFqi/NAM2a

2ª®¬ , (30)
where
∑
F1 ≈ 3 corresponds to the effective operator
(N¯γµN)(χ∗←→∂µ χ),
∑
FA ≈ 0.49 corresponds to the effective
operator (N¯γµγ5N)(χ∗
←→
∂µ χ), and mN ≈ 0.939 GeV. The cur-
rent experimental upper bounds for the cross section of the
spin independent DM-nucleon elastic scattering are respec-
tively σexp . 2.2 × 10−46 cm2 at mχ ≈ 50 GeV for the LUX
data [32], and σexp . 4.1× 10−47 cm2 at mχ ≈ 30 GeV for the
XENON data [33]. In our numerical analysis, we conserva-
tively restrict the LUX/XENON1T bounds for the whole range
of the DM mass.
III. NUMERICAL ANALYSIS
In this section, results for our numerical analysis are pre-
sented. In our analysis, we fix a parameter |qx | = 1 for sim-
χ∗(k1)χ
∗(p1)
qi(p2) qi(k2)
Q′
a
FIG. 3: A Feynman diagram contributing to the spin independent
DM-nucleon elastic scattering.
plicity. The ranges of the input parameters are set as follows:
g
′ ∈ [0.1, 1], f ∈ [0.001,
√
4π], mZ′ ∈ [10, 300] [GeV],
mχ ∈ [10, 150] [GeV], Ma ∈ [1000, 3000] [GeV], (31)
where the lowest DMmass 10GeV is an assumption to satisfy a
condition (mτ/mχ)2 << 1 in the cross section of relic density.
In this calculation, we assume M1 < M2 < M3, andmZ′ > mχ.
We then search the allowed region using the range of the
input parameters listed above to satisfy all constraints, namely,
M − M mixing, the measure of the relic density of the DM, the
spin independent DM-nucleon scattering cross section via Z ′
boson exchange, and the constraint of the LHC as well as to
explain the anomaly of b → s µ¯µ decay.
Fig. 4 shows the allowed region on the plane of mχ and
mZ′, where the blue, red, and green dots represent respectively
the region corresponding to no constraint on ∆C9, 1 σ range
−1.29 . ∆C9 . −0.87, and 3σ range −1.67 . ∆C9 . −0.39.
Note that the lowest point of the maximum absolute value of
f is of the order 0.1 for 1(3)σ. The correlation between
mχ and mZ′ in Fig. 4 comes from the closed resonant point
of the relic density of the DM, when mχ is heavier. In the
lighter region of mχ, the allowed region becomes wider due
to the larger cross section. At around the resonant region of
10 GeV . mχ . 40 GeV, there are no allowed region since
the corresponding cross section is too large to satisfy the relic
density. This clearly indicates that the mass ranges of the
DM and Z ′ are respectively 10 GeV ≤ mχ . 146 GeV and
10 GeV ≤ mZ′ . 295 GeV, where the specific ranges mainly
originates from the constraint of the relic density, although
the lowest bound of DM mass 10 GeV comes from the lowest
input parameter of the DM mass. The anomaly of the decay
of b → s µ¯µ is well explained for the whole allowed region on
the plane of mχ and mZ′.
In Fig. 5, we clearly show that the allowed regions on the
planes of ∆mK − ∆mBs (the left panel) and ∆mBd −∆mD (the
right panel), where the color representation is similar as in
Fig. 4. Fig. 5 indicates the allowed region for explaining the
anomaly of b → s µ¯µ, which tends to lie in the range of the
experimental bounds in our parameter space. A branching
ratio of BR (b → sγ) is restricted to be 4.02 × 10−4, but the
typical value is at most of the order 10−10. Therefore, the
present model clearly satisfies this constraint. Additionally,
we found that the LHC constraint tends to be weaker than
620 40 60 80 100 120 140
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FIG. 4: The allowed region of ∆C9 on the plane of mχ and mZ′
satisfy the relic density 0.11 ∼ 0.13 and the neutral meson mixings,
b → sγ. The blue, red, and green dots are respectively the region of
∆C9 . −5, −1.29 . ∆C9 . −0.87 at 1σ, and −1.67 . ∆C9 . −0.39
at 3σ.
the experimental bounds for the neutral meson mixings in our
parameter space.
Fig. 6 shows the cross section of the nucleon-DM elastic
scattering obtained from our parameter space scanned. This
indicates that the parameter points excluded by the present
XENON1T data [33]. This means more parameter points can
be explored in the future experiments.
IV. SUMMARY AND CONCLUSIONS
We have explored the possibility of explaining the experi-
mental anomalies in the semileptonic decay of the B-meson,
B → K∗µµ¯, in the framework of the gauged U(1)µ−τ symme-
try. With our present model, which is built in a more complete
manner than previous model, we have performed a more de-
tailed analysis by searching the allowed region from several
present experimental constraints.
Apart from the muon anomalous magnetic moment and
neutrino sector, we have formulated a model starting with
a valid Lagrangian by considering the Higgs potential with
the inert conditions, the Wilson coefficient for the decay of
B → K∗µµ¯, the collider physics, the neutral meson mixings,
the bound on direct detection, and the relic density of a bosonic
dark matter candidate. We have searched the parameter space,
which explain the size of the anomaly of B → K∗µµ¯ decay,
satisfying all constraints. We found that the allowed region on
the plane of the DM and Z ′ masses is narrower compared to
the previous analysis in the heavier DMmass. This is expected
due to the decay width of Z ′ is rather large. On the other hand,
in the lighter region of mχ, the allowed region becomes to
be still wider because the cross section is larger. Moreover,
there are no allowed region at around the resonant region of
10GeV . mχ . 40GeV, since the corresponding cross section
is too large to satisfy the relic density. The meson mixing of
∆Bs can be well tested in the future experiments, since the
structure of the Yukawa couplings f is the same as the one of
∆C9 of B → K∗µµ¯. The absolute parameter of f can naturally
be estimated to explain ∆C9, and its minimum absolute is at
most of the order ∼ 0.1.
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